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Description 

FIELD OF INVENTION 



nr ^ k , S mVentl0n ,S f,uorescent ,abelled Polynucleotide probes for use in polynucleotide (DNA 

TflfT" f SayS - ' n 9enera '' this inven,ion is concemed ^Proving L properties o^ 
fluorescent labelled probes for more sensitive detection in hybridization assay systems In oartcuteMt is 

IZZVJT S h e ' eCti0n ^ UniPUe P0Siti0ni " 9 ° f tW0 0r ™ e ^orophores K^uo^£<£S 
proSe an ' Sm Pr ° dUCe 3 f ' UOreSCent Pr ° be °' Pr0bes wi,h si ^»«y -profed ^tec fon 



BACKGROUND OF INVENTION 



PnhS Tf V V be em P ,0 y ed for th <* detection and identification of DNA or RNA sequences 
Pubhshed methods as used particularly in recombinant DNA research are described T Sods of 
Enzymology , Vol. 68, pp. 379-469 (1979); and Vol 65 Part 1 on 4R ft 47 « mora n ! - 

^^preKminary separation of J nudeic actf' fragrn^ V * ^ ll^sVZlTZ 
Southern Blot Filter Hybridation Method." See Southern E. J. Mol. Biol. 98. p 503 1975) iTecent and 

andW?h7rJ ^7 fJ**?* hybridi2a «°" -^ods «5l piocedurB. ca'n beSnJShJ 
and Wahl, G., Analytical Biochemistry . 138, pp. 267-284 (1984) 'viwnKoxn, j. 

Fluorescent labeled synthetic polynucleotide probes are commercially available in the United States 
Chem.cal methods for incorporating modified nucleotides into synthetic polynucleotides arTdes^ 
published PCT Application WO 84/03285 dated Auaust 30 i<uw tL ' nttw f an f de * cnbed ,n tne 

Certain problems are encountered when using polynucleotide probes labelled with commonlv availahl* 
luorophores such as fluorescein, rhodamine, pyrenes, etc. The most serious pZZ ™^™^ 
sens, t,v,ty for d.rect detection of the probe in the assay system. For most hybridization assay^n^S 
or detects level of at least 10- mole of labelled probe (10* target molecules) ts reqjred WhTmanv 

nZl in°r ' "\ haV9 thlS leV9 ' ° f SenSitMty ' SeCOnda ^ interferences from the sampfe Td compo- 
nents ,n the assay system prevent these levels of detection from being reached At a levelof 1C r<* mnT« °,f 

%£52£ fl Tr nce ,mm the sample itse,f - Ray,eioh "l^^C. aZ££ 

(nitrocellulose Wters etc.) and in particular Raman (water) scatter can produce background s^naTs manv 
orders of magnitude higher than the signal from the fluorescent probe aground signals many 

, fl 't" y : improve h ment ^detecting fluorescent probes in such assay systems could be obtained by 
selecting a f uorophore wh,ch has: (1) a large Stokes shift, that is. a large separation betwTen the 

r g ,^r-r m excitation (ex) and the ^ mum 9 e^n ^mT^ 

quantum y.eld (QY > 0.5); (3) a high extinction coefficient (EC > 30 000)- (4) an emission hli «nn , 
(red florescence); and (5) an excitation maximum close to a laser line (442 nm Sum-Cad m Tum o Z 

g^'Sr™ n ° on f ' UOr ° Ph0reS WhiCh *"* -tisfyThese ^m S 

~er ( fn X e. 4 bu^ hTs %£Zt — ™ •"**» ™~ 

It is known that a larger Stokes shift can be obtained by employing a pair of donor/acceotor 
fluorophores which have overlapping spectra and which are arranged in dose proLity for non raTa£ 
energy transfer between the donor and acceptor fluorophores. This form of energy trJ S ie7w7sTo^Zd 
by Forster, who developed equations of transfer efficiency in relation to separation distencesTetween the 
ForsSsnon f" Th - ^ PhyS " < U *»*> 2:55-75 (1948). A recent summTol 

^ t^ZSTZ^ in " PrlH5p ' eS °' F,u0 ' esce "« Spectroscopy.- J "ZcJ 
Chapt. 10 (1983 . The Forster mathematical analysis predicates that the closer the spacino of the 

th~tio m n° ,et,eS 9feater ° f 6ner9y tranS,er " Pri0r e * periM evidence "Lied 

Stryer and Haugland (Proc. Natl. Acad. Sci. 58. 719-729 1967) reported experiments with variable 
spacng for an energy donor and acceptor pair attached to oligopeptides An energ^n" group and an 
energy acceptor group were attached to the ends of proline oligomers which served a ?sS» ™S defined 
engths Spactngs of 1 to 12 units were tested, with a separation range of 1.2 to 4,6 "l2 tc 46 Anqstroms 

eLaseVZ'lO^^ar: 77 ^"f X *" * COnfo ™«- ™e energyTra^str eTcSy 

decreased from 100 /o, at a d,stance of 1,2 nm (12A) to 16% at 4,6 nm 46A. It was concluded that the 
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dependence of the transfer efficiency on distance was in excellent agreement with the dependence 

z Sal l of : s !adi: t quations - The resu,ts were so c,ose to the ° re « cai p-^^- .srss: 

sTsteTs reoorted h Tk ^ 33 * s P ectroco ^ plated experiments with model 

(S a^I-TT-T?*!' 8 ^ COn,irmator ^ See ' fo ' Gabor. Biopolymers 6:809-816 

transfer efLttf, T T ? w ■ — - - ^ 366: 44-61 (1981). The use" of the Fors ter energy 
^Qf4f , oonL, I" tf Cnbed the fO " 0Win9 "^"Ofluorescent assay patents. (See U. S. Patent Nos 
3,996 345; 3.998,943: 4,160,016; 4,174,384; and 4,199,599). The energy transfer immunofluorLenTassavs 
descr.bed ,n these patents are based on the decrease or quenching of the donor Z^^?^ 
fluorescent re-emission by the acceptor [Oilman, E. F„ at a... ^ Cherrv. Vol. 2~. tnlwl 

Homogeneous immunoassay procedures based on chemiluminescent labels or bioluminescent proteins 

608 ms^B WhiCh pT! r- radiative ener9y transfer ' see Patel ' et al - cnrZ^ Zeol 

1608 (1983), and European Patent Application O 137 515. published April 17, 1985 WcToie^pacino o X 
donor-acceptor group according to the principles of non-radiative energy transferVh^n^Sdir^ 
.t was proposed that homogeneous assays could be made practical. Homogeneous Tsavs are inle enSv 
sampler to carry out but their use had been subject to the .imitation that unbLtf^X^rSJSTE 
solu on^and causes mterfering background signa.. European Patent Application 0 137 515 published Ap S 
17 1985 refers to various ligand-ligand interactions which can be used with the bio.umfnescent JotS 

^^sr* acid interactions - The examp,es - — - — siss 

xr Jl'T? ^ tent App,ication 0 070 685 - Published January 26, 1983, relates to homogeneous nucleic 
ac.d hybnd.zat.on assays employing non-radiative energy transfer between absorbeZZ moie fes 
n T 10 ™ 000 ° f other. As described, the hybridation probes are pTe^ed 

by attaching the absorber-emitter moieties to the 3" and 5' end units of pairs of sinale-sVand^ nnfu 
nudeotide fragments derived from DNA or RNA by restriction enzyme Tgmen S ^ Ihe pairs oJ 
po ynucleot.de fragments are selected to hybridize to adjacent compiementary 9 sequences oUhe arqe 
po.ynuc.eot,de w,th the labelled ends with no overlap and with few or no base-pairing spaces Ln between 
Tr phosZr " m0i6ty " 2 Chemi,uminesce " t -nd the absorber moiety is a fluorophore 

THE DRAWINGS 

invention^ ' * 5 il,UStrate Pr6ferred embodiments of Stokes shift probes for use in practicing the 
SUMMARY OF INVENTION 

This invention is based in part on the discovery that polynucleotides (DNA or RNA) provide an 

moi^Hn TT> Str °, n9 ' y inf ' UenCeS " or " adia « v * <^gy transfer between donor-acceptor Zescen" 
mo.et.es attached to polynucleotide probes. Prior to the present invention, it was not known how to desfan 
fluorophore-labelled probes with donor-acceptor moieties for practical and eSc^usTw^fv" 
nucleotides, part.cularl.y with regard to efficient emission by the acceptor fluorophore ft has SeenTound That 
ImZl fl PaC ' n9 °' thef ' UOreSCent moieties is critica < ** maximizing'energy transfer JTpSd^TjJrT 
eff,c,ent fluorescent em.ss.on by the acceptor. Surprisingly, the optimum spacing requires Leaning base 
pa.r un.ts be^reen the nucleotides to which the fluorescent moieties are attached. In particu Z7co"Lrv to 
pnor knowledge about Forster non-radiative energy transfer attachment of the fluonascent moietes to 
.mmed.ate.y advent nucleotide units (donor/acceptor distance 1,0-1.5 nm (10 - 15 A?) Z S oZ a sL e 
T^Z^ T? " ^ unacce P tab| V ,ow efficiency. The theoretical exp.Ltn foMhis new 

phenomenon ,s not known. However, it apparently relates to the formation of excitation traps when the 
fluorescent probe(s) is hybridized to the target polynucleotide. This -m.croen^ert^of^«S 
doube-stranded polynucleotides has a marked effect on the optimum spacing fo ^In-radiative ene rav 
transfer and efficient fluorescent emission by the acceptor rad.at.ve energy 

More specifically. it has been found that for efficient acceptor emission the donor-acceptor fluorescent 

from t f' cienc y w,th e 'ther single probe or dual probe embodiments a separation range of 

ZTJrL f l T S 15 preferred ' To maximize the benefits of this invention, the linker arm side chains 
Z™! T ,1 f ' UOrescent moieties t° the nucleic acid (pyrimidine or purine) base units should have 
lengths w.th.n the range from 0.4 to 3.0 nm (4 to 30 Angstroms (A)) and preferably from about 1,0 to 2 5 
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nm (10 to 25A). With either the single or the double probe embodiments, neither of the fluorescent moieties 
should be attached to end units of the probes. 

The probes of this invention are believed unique for the following reasons: (1) Unexpectedly, those 
donor and acceptor positions (e.g., distances of 2,0 nm (20A) or less) predicted by the Forster equations 
and confirmed experimentally in model systems by prior investigators to provide maximum energy transfer 
efficiency were found to have minimal observed efficiency for hybridized polynucleotide probes. (2) 
Maximum observed energy transfer efficiency, "in terms of fluorescent emission by the acceptors" was 
found only for a relatively restricted number of positions requiring more nucleotide spacing between the 
fluorophores. (3) Maximum observed acceptor fiuorophore emission was also found to be dependent upon 
hybridization of the probe to its complementary target sequence, viz., in the single probe embodiment 
efficiency was increased by hybridization. <4) With proper spacing an exceptionally high value (viz. 80%) for 
fluorescent emission by the acceptor fiuorophore can be obtained. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

This invention is applicable to synthetic polynucleotide probes containing from 10 to 100 base units, 
and in particular 15 to 35 base units. With synthetically-prepared probes, precise attachment of the 
fluorophores can be obtained by the methods described in PCT Application WO 84/03285, published 
August 30, 1984. This greatly simplifies the practice of the present invention with respect to preparation of 
the required probes. 

Preferred embodiments of this invention utilize selected donor and acceptor fiuorophore pairs appro- 
priately positioned in single or dual polynucleotides. Such probes may be designed to produce a large 
Stokes shift and highly efficient acceptor fluorescent emission at wavelengths greater than 600nm. In both 
the single and dual probe embodiments the fluorophores are attached to the polynucleotide with intervening 
base units as hybridized. The invention is generally applicable to plural probes, including triple and 
quadruple probes as well as dual probes. 

One preferred embodiment utilizes fluorophores positioned near the end base units of dual poly- 
nucleotide probes. By avoiding attachment of either fiuorophore to the terminal base units appropriate 
intervening base units are provided. Hybridization of the dual fiuorophore probes to, complementary target 
sequences can accurately position the donor and acceptor fluorophores according to the spacing require- 
ments of this invention. 

In the single probe embodiment, the donor and acceptor fluorophores should be attached to the 
polynucleotide probe at positions which give them a relative separation of two to seven intervening base 
units. In the dual probe embodiment, after both probes are hybridized to the target sequence, the donor 
fiuorophore on one probe and the acceptor fiuorophore on the other probe should also be attached to give a 
relative separation of two to seven base units. The preferred separation for both the single and dual probe 
embodiments is from 3 to 6 intervening base units. The optimized spacing is believed to be 4 to 5 units. In 
both single and dual probe embodiments when the probes are hybridized to the target polynucleotide the 
base units to which the donor and acceptor moieties are connected should be paired with base units of the 
target sample which are separated by 2 to 7 intervening base units. 

Selection of Fluorophores 



Selection of the donor and acceptor fluorophores is of importance to obtain the advantages of this 
invention. In general, the fluorescent moiety should comprise respectively donor and acceptor moieties 
selected so that the emission spectrum of the donor moiety overlaps the excitation spectrum of the 
acceptor moiety to produce efficient non-radiative energy transfer therebetween. Wavelength maximum of 
the emission spectrum of the acceptor moiety should be at least 100nm greater than the wavelength 
maximum of the excitation spectrum of the donor moiety. 

In addition, the fluorescent donor and acceptor pairs are preferably chosen for (1) high efficiency 
Forster energy transfer; (2) a large final Stokes shift (>100nm); (3) shift of the emission as far as possible 
into the red portion of the visible spectrum (>600nm); and (4) shift of the emission to a higher wavelength 
than the Raman water fluorescent emission produced by excitation at the donor excitation wavelength. For 
example, a donor fiuorophore may be chosen which has its excitation maximum near a laser line (in 
particular Helium-Cadmium 442nm or Argon 488nm), a high extinction coefficient, a high quantum yield, 
and a good overlap of its fluorescent emission with the excitation spectrum of the acceptor fiuorophore. In 
general, an acceptor fiuorophore is preferably chosen which has a high extinction coefficient, a high 
quantum yield, a good overlap of its excitation with the emission of the donor, and emission in the red part 
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of the visible spectrum (>600nm). 

Fluorescein is a particularly desirable donor moiety. Lucifer Yellow can afso be employed as a donor 
moiety, particularly in combination with Texas Red as an acceptor moiety. The emission spectra of 
fluorescein (EX~492nm, EM~520nm, EC- 70, 000, QY high) and of Lucifer Yellow (EX~428nm, EM~540nm, 

5 EC- 12,000, QY medium) both sufficiently overlap the excitation spectrum of Texas Red (EX~590nm, 
EM~615nm, EC-70,000, QY high). Fluorescein's excitation maximum (~492nm) comes very close to the 
488nm Argon laser line and Lucifer Yellow's excitation maximum (~428nm) comes very close to the 442nm 
Helium-Cadmium laser line. In addition the ffuorescein/Texas Red and Lucifer Yellow/Texas Red combina- 
tions provide large Stokes shifts of ~130nm and ~170nm respectively. In both cases the 615nm to 620nm 

10 Texas Red emission is at significantly higher wavelengths than the Raman water lines (-585 nm for 448nm 
excitation and ~520nm for 442nm excitation). As compared with the use of a fluorescein reporter group 
alone, the combination with a Texas Red acceptor provides a ten to twenty fold increase in the relative 
detection sensitivity in the 615nm to 620nm emission region for excitation at ~490nm. As compared with 
the use of Lucifer Yellow group alone, the combination with a Texas Red. acceptor provides two to three fold 

is increase in relative detection sensitivity in the 615nm to 620nm emission region. 

Fluorescein fluorophores can be incorporated in the polynucleotide probe as a fluorescein 
isothiocyanate derivative obtainable from Molecular Probes, Inc., Junction City, Oregon, or Sigma Chemical 
Co., St Louis, Missouri: Texas Red sulfonyi chloride derivative of sulforhodamine 101 is obtainable from 
Molecular Probes, Inc. Texas Red can also be prepared from sulforhodamine 101 by reaction with 

20 phosphorous oxychioride, as described in Titus, et at., J. Immunol. Meth. , 50, pp. 193-204, 1982. Lucifer 
Yellow is obtainable from Aidrich Chemical Co., Milwaukee, Wisconsin, as the vinyl sulfone derivative 
(Lucifer Yellow VS). Lucifer Yellow VS is a 4-amino-N-[3-vinylsuIfonyl) phenyl]naphthalimide-3, 5-disulfonate 
fluorescent dye. For a description of its use, see Stewart, W M Nature, Vol. 292, pp. 17-21 (1981). 

The foregoing description should not be understood as limiting the present invention to combinations of 

25 fluorescein with Texas Red or Lucifer Yellow with Texas Red. Those combinations preferred by the 
principles of the invention are more broadly applicable. The spacing feature of this invention can be utilized 
with other donor-acceptor pairs of fluorophores. For example, with fluorescein and Lucifer Yellow as donors, 
the acceptor fluorophore moieties prepared from the following fluorescent reagents are acceptable: 
Ltssamine rhodamine B sutfonyl chloride; tetramethy! rhodamine isothiocyanate; rhodamine x 

$0 isothiocyanate; and erythrosin isothiocyanate. Other suitable donors to the acceptors listed above (including 
Texas Red) are B-phycoerythrin and 9-acridineisothiocyanate derivatives. 

When fluorescein is used as the acceptor moiety then suitable donors can be obtained from Lucifer 
Yellow VS; 9-acridine-isothiocyanate; 4-acetamido-4'-isothio-cyanatostilbene-2,2'-disulfontc acid; 7- 
diethy{amino-3-(4'-isothiocyanatophenyl)-4-methylcoumarin. 

3s When diethylenetriamine pentaacetate or other chelates of Lanthanide ions (Europium and Terbium) are 
used as acceptors, then suitable donors can be obtained from succinimdyl 1 -pyrene-butyrate; and 4- 
acetamido-^sothiocyanatostilbene^.^-disuifonic acid derivatives. 

Linker Arms 

40 

The length of the linker arms connecting the fluorescent moieties to the base units of the probes is also 
an important parameter for obtaining the full benefit of the present invention. The length of the linker arms 
for the purpose of the present invention is defined as the distance in Angstroms from the purine or 
pyrimidine base to which the inner end is connected to the fluorophore at its outer end. In general, the arm 

45 should have lengths of not less than 0,4 nm (4) nor more than 3,0 nm (30A). The preferred length of the 
linker arms is from 1,0 to 2,5 nm (10 to 25A). The linker arms may be of the kind described in PCT 
application WO 84/03285. That application discloses a method for attaching the linker arms to the selected 
purine or pyrimidine base and also for attaching the fluorophore to the linker arm. The linker arm 
represented below, is illustrative of the linker arms which may be employed for the purposes of the present 

50 invention as further described in the cited PCT application. 

O 
ft 

Nucleotide Base--CH«CH-C-N-CH 2 - (CH 2 ) 5 -CH 2 ~N- -Fluorophore 

i j 

The linker arm as represented above contains 12 units in the chain and has a length of approximately 



5 
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1,4 nm (14A). Use of this linker arm in preparing probes in accordance with the present invention is further 
illustrated in the experimental examples. 

THE DRAWINGS 

The drawing herein comprising FIGS. 1 and 2 provide diagrammatic illustrations of preferred embodi- 
ments. Referring first to FIG. 1, there is represented a single probe with 5 nucleotide base (n = 5) spacing 
of the fluorophores. The polynucleotide probe may contain from 10 to 100 nucleotide bases. Intermediate 
the 5' and 3' ends of the probe, the donor fluorophore <D) and the acceptor fiuorophore (A) are attached to 
base units through linker arms of 0,4 to 3.0 nm (4 to 30A). Units to which the linker arms connect the 
fluorophores are separated by 5 nucleotide based units ( + 5). The letters represent the bases of DNA: G for 
guanine, T for thymine, A for adenine, and C for cytosine. As indicated by the arrows, excitation light 
directed on the probe is absorbed by the donor fluorophore, transferred by the non-radiative energy 
process to the acceptor fluorophore, and emitted as fluorescent light by the acceptor fiuorophore. 

FIG. 2 illustrates dual probes hybridized to a target polynucleotide sequences of a nucleic acid sample 
Both the sample and the probes contain the bases of DNA (G, T, A and C). In the hybridized condition the 
nucleotide bases pair in the manner of double-stranded DNA (G-C and T-A). In the illustration given, each 
contains 25 nucleotide bases. Linker arms are attached to base units spaced from the adjacent 3' 5' ends 
of the probes as hybridized. Specifically, a Texas Red fluorophore is linked to a thymine unit (T) of probe 1 
which is the third unit from the 3' end. Fluorescein is linked to a thymine (T) of probe 2, which is the fifth 
unit from the 5' end. When these dual probes are in hybridized relation, as shown, separation between the 
base units to which the donor and acceptor fluorophores are attached is 6 units (n = 6). The linker arms 
have a length of approximately 1 .4 nm (14A) and may comprise the linker arm illustrated above. 

FIGS. 3 and 4 represent modifications of the probes in which single acceptor fluorophores arranged in 
space relation with a plurality of donor fluorophores. These embodiments employ the same spacing 
requirements discussed above with respect to the base unit separations and the linker arm lengths. FIG 3 
illustrates a single-probe embodiment in which an acceptor flurophore is linked to an intermediate base 
positioned between two donor fluorophores linked to bases spaced from the base of the acceptor 
fluorophore by 4 base units <n = 4). FIG. 4 illustrates a dual probe embodiment in which a donor 
fiuorophore is linked to one probe and a donor and acceptor fiuorophore to the other probe. As illustrated 
probe 1 has the donor fluorophore linked to the third base from its 3' end. Probe 2 has the acceptor 
fluorophore linked to the third base from its 5* end, and also has a donor fluorophore linked to the eighth 
base unit from the 5* end. This provides a spacing of four base units between the donor and acceptor 
fluorophores of probe 2 (n = 4) when these probes are in hybridized relation to the target sequences as 
illustrated with respect to FIG. 2. Similar spacing (n = 4) will be provided between the donor fluorophore of 
probe 1 and the acceptor fluorophore of probe 2. With the donor/acceptor fluorophore arrangements of 
FIGS 3 and 4, the amount of nonradiative energy transferred to the acceptor fluorophore can be increased. 

FIG. 5 shows a three probe embodiment which includes two pairs of donor and absorber fluorophores 
Probe 1 has a donor moiety attached to the third base from its 5' end which as hybridized to the target 
polynucleotide pairs with the absorber moiety on probe 2 which is attached to the third base from its 3' end 
giving a separation of 4 base units <n - 4). The 5' end of probe 2 has an acceptor moiety attached to the 
third base which when hybridized pairs with a donor moiety on probe 3 attached to the third base to also 
provide an n = 4 spacing. 



Assay Procedures 



The probes of this invention may be employed in either heterogeneous or homogeneous assays of the 
kind heretofore used for DNA or RNA hybridization assays. To obtain the maximum benefit of the invention, 
however, it is preferred to employ the probes in conjunction with heterogeneous assays in which the target 
DNA or RNA is hybridized to a support. The test samples containing the target sequences may be prepared 
by any one of a number of known procedures and attached to suitable immobilization support matrices. 
Such procedures are described in Methods in Enzymology , Vol. 66, pp. 379-469 (1979), Vol. 65, Part 1, pp 
468-478 (1980, and Analytical Biochemistry . 138, pp. 267-284 (1984). See also U.S. patent 4 358 539 and 
published European Patent Applications Nos. 0 070 685 and 0 070 687. The usual supports used in 
hybridization assays include nitrocellulose filters, nylon (Zetabind) filters, polystyrene beads, and Agarose 
beads to name a few. Further details of a typical heterogeneous assay procedure are set out in one of the 
following examples. The probes of this invention, their method of use, and the results obtained are further 
illustrated by the following examples. 
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Example I 

By way of specific illustration, the preparation of a polynucleotide probe containing a fluorescein and a 
Texas Red moiety with an n = 5 spacing can be carried out as follows. The starting material is 

5 approxtmately 30Gug of the appropriate synthetic <25mer) polynucleotide probe containing two primary 
amine functionalized linker arm nucleotides separated by five nucleotides within the sequence The 300ug 
of polynucleotide is taken up in about 20ui of 0.5M sodium bicarbonate buffer at pH 8 8 About 100ug of 
Texas Red dissolved in lOul of water is added to the polynucleotide solution. A limited reaction is carried 
out at 0-5 C for approximately 15 minutes. At this point about 10ul of a 7M urea solution is added and the 

w reaction mixture is separated over a 0.7cm x 3.0cm G-25 Sephadex Column. The initial fractions (excluded 
volume) contain the unreacted polynucleotide, mono-substituted Texas Red polynucleotide probe and di- 
substttuted Texas Red polynucleotide probe. The final fractions (included volume) contain the unreacted 
Texas Red, The inital fractions are pooled and lyophilized, and the final fractions are discarded The 
lyophilized pooled fractions are brought up in a small volume <5-10ul) of 3.5M urea for separation bv ael 

/s electrophoresis. y y 

Electrophoresis on a 20% polyacrylamide gel (7-8M urea) separates the sample into three distinct 
bands, the lower ts the unreacted polynucleotide, the middle band is the mono-substituted Texas Red 
polynucleotide, and the upper band is the di-substituted Texas Red polynucleotide. Reaction conditions 
were originally controlled in order to prevent total conversion of the polynucleotide to the di-substituted 

20 Texas Red polynucleotide derivative. At this point the band containing the mono-substituted Texas Red 
polynucleotide derivative is carefully excised from the gei and the derivative is extracted with water and the 
resulting solution lyophilized to dryness. The lyophilized sample is now taken up in a small volume of water 
and desalted on a G-25 Sephadex column. The fractions containing the mono-substituted Texas Red 
polynucleotide probe are pooled and lyophilized. 

25 The sample is now ready for the second reaction to incorporate the fluorescein moiety into mono- 
substituted Texas Red polynucleotide probe. The sample is again taken up in about 20ui of 0 5M sodium 
bicarbonate buffer at pH 8.8. About 500ug of fluorescein isthiocyanate (FITC) in 10ul water is added to the 
buffered solution containing the mono-substituted Texas Red polynucleotide probe. The reaction is carried 
out at 0-5 C for about two hours. About 10ul of a 7M urea solution is added, and the sample is run over 

30 another G-25 Sephadex column, as described previously, to separate reacted polynucleotide probe from 
FITC. Again appropriate fractions are pooled and lyophilized. The sample is again electrophoresed on a 
20% polyacrylamide gel, separating the sample into two bands; the lower being unreacted mono-substituted 
Texas Red polynucleotide probe and the upper band being the fluorescein and Texas Red substituted 
polynucleotide probe. The upper band is carefully excised, extracted, lyophilized, and desalted on a G-25 

35 Sephadex column as was described above. The final purified fluorescein-Texas Red polynucleotide probe is 
then analyzed by UV/Visible spectroscopy. The ratio of adsorption (O.D.) at 260nm, 492nm, and 592nm can 
be used to determine proper stoichiometry for the probe; the 25mer polynucleotide probe contains one 
fluorescein and one Texas Red moiety. 

The synthesis and purification of probes containing a single fluorophore is straightforward. The starting 

40 material is a 25mer polynucleotide probe containing only one amine functionalized linker arm nucleotide 
incorporated at the appropriate position within the probe. In the case of both Texas Red and FITC the 
reactions are carried out for a longer time (about two hours) in order to increase yield of the fluorophore 
substituted probe. Subsequent steps for purification are the same as those described above. 

45 Example II 

A series of fluorescein-Texas Red 25mer polynucleotide probes (F&TR probes) were prepared in which 
the separation between the fluorophore moieties was n^0, n = 1, n =5, n = 6, n = 9, and n = 12 The probes 
were designed to hybridize to Herpes Simplex Virus (type 1) target DNA. The procedure was as described 
in Example I using the 1,4 nm (14A) linker arm previously illustrated. The actual sequence and relative 
position of fluorophores in the n = 5, F&TR probe is shown below. 



50 



55 



5 ' -TGTGTGGTGTAGATGTTCGCGATTG-3 ' 



should be pointed out that the fluorophores can occupy either linker arm position on the probe. But 
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each probe contains only one fluorescein and one Texas Red. Fluorescent analysis was carried out on 
samples containing from 200ng to 2ug of the F&TR probe in 250ul of 0.01 M sodium phosphate (pH7 6) 
0.1 M sodium chloride buffer. 

Fluorescent emission spectra were obtained for samples at 490nm, the approximate excitation maxi- 
mum for the donor (fluorescein) and at 590nm, the approximate excitation maximum for the acceptor (Texas 
Red). All values were corroborated by also obtaining the fluorescent excitation spectra for each of the F&TR 
probes in the series. Observed energy transfer efficiency, in terms of fluorescent emission of the acceptor 
was determined by taking the ratio for fluorescent emission at 615nm for the F&TR probe excited at 490nm 
excitation of donor, fluorescein) to the fluorescent emission at 6l5nm for a single labelled Texas Red probe 
(TR probe) excited at 590nm (excitation for the acceptor, Texas Red) multiplied by 100. 

Observed 

Energy Transfer - <F&TR Probe Em 615nm at EX 490nm) ^ ^ 
Efficiency (TR Probe EM 615nm at EX 590 nm> 



Thus, a value of "75" means that the F&TR probe when excited at 490nm produces 75% of the 
fluorescent emission <615nm) of an equal amount (in terms of Texas Red) of a TR probe excited at 590nm 
Observed energy transfer efficiencies were determined for the complete F&TR probe series both hybridized 
to a complementary target polynucleotide and unhybridized. Results for the F&TR probe series is qiven in 
Table A. 



TABLE A 

Observed Energy Transfer Efficiencies 
for Fluor escein-Texas Red Probes 

F&TR m g ° be (Emission 6 15nm. Excitation 490nm) 
(K) Unhy bridized Hybridized 

0 
1 
5 
6 
9 
12 

TR Probe 
(EX 590no) 

The results in Table A show that the observed energy transfer efficiency is highest (82) for the n = 5 
F&TR probe in the hybridized series. In the hybridized series, energy transfer is observed to decrease for 
the probes with the longer donor-acceptor distances (n=6, 9, 12) as would be expected from the Forster 
equation. However, unexpectedly the efficiencies also drop off for the n = 0 and n = 1 probes, with the closer 
donor-acceptor distances. 

The F&TR probe series does not follow the expected type of behavior. The high energy transfer 
efficiency is only found for a relatively restricted number of positions approximated to be between 2 0 to 3 0 
nm (20 to 30A). These high efficiency positions are believed to include the n = 3 and n = 4 positions as well 
as the experimentally determined n = 5 and n =6, and also the n = 7 position. 
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n-Oand n., aoMo^T P ° S "" > "' "* " cauain » a b< "»""0 <>' *»<*ncy a! the 

Example III 

Exarlnt m t Th! f ( dU f l 25mer Pr ° beS W6re prepared usin 9 the procedure and linker arms m in 

^oi^-sssss. 0 ' ,,uorescein and Texas Red nation to 

~nt^ *-» - -be Set 2 (n =6> hybridized to 



TABLE B 



25 



30 



35 



45 



50 



Prob< 
Set 



Base Pair 
Separation (n) 



1 
2 



(Emission 615nm, 
Excitation 490ntn> 



0 
6 



15 
52 



results obtained for the ZL F&Tf? Lh« , <n .- 0) a T re f lts for th e dual probe system corroborate the 
un iqu e narrow S - ^ " * 

Example IV 

Example V 

lype assay ln»ol« 8 s tn. initial captura vi" h^dSten „ Uh. „f™ ' T V . ""'O'"*™ 1 «» sandwich 



9 



EP 0 229 943 B1 



of Agarose beads. Sample DNA (-1-10 mg) containing Herpes Simplex Virus DNA is prepared in a final 
volume of ~100ul of hybridization buffer (0.75M sodium chloride, 0.O75M sodium citrate. 1% <w/v) sodium 
Hdone) 500W9 b ° Vine SerUm a ' bUmin ' (CryStal,ine Pentex Fraction V >> 500 "9 polyvinylpyrol- 

«n.tJS A9 HTZ capture beads are add fd to the DNA sample solution. The sample solution is gently 
agitated and hybrid.zation is carried out at 45 -55 C for 15-30 minutes. The beads are now separated from 
he sample so ut.on by filtration or centrifugation. The Agarose HSV capture beads are now washed three 
nTo^T, ooi V ° f 1X ? SC + 01 % SDS buffer (ai5M sodium ct1lorid e, 0-015M sodium citrate 

«ttZ£« ? V « ' 45 " 5 ° C> - ThS A9ar ° Se HSV Capture beads are now suspended in another 100ul 
of hybnd.zation buffer containing 10-100 ng of the fluorescein-Texas Red HSV 25mer probe (Example II) 
Hybridization ,s again carried out at 45 -55 C for 15-30 minutes with gentle agitation. The beads are again 
separated from the solution by filtration or centrifugation. The beads are first washed three times with 2ml 
volumes of 1x SSC * 0.1% SDS buffer at 45-55'C; then three times with 1 x SSC buffer. The beads aTe 
now transferred to a microscope slide or appropriate sample cell for fluorescent analysis. Fluorescent 
analysis .s earned out with a photon counting epifluorescent microscope system. Excitation is carried out 
with either an argon ion laser; a high intensity mercury (Hg) arc lamp; or other high intensity light source 
appropriately Altered for excitation in the 480-490nm region. The epifluorescent microscope contains the 
appropr.ate d.chroic mirror and filters for monitoring fluorescent emission in the 6l5-630nm reqion 
Fluorescent emission is quantitated using a photon counting photomultiplier system coupled to the 
m.croscope. Individual Agarose beads containing target DNA to which fluorescent probe has hybridized are 
counted for 1-10 seconds. Usually about 10-15 beads per sample are counted. Total time for fluorescent 
analysis of a sample is less than five minutes. 

A second method for fluorescent analysis of the Agarose bead samples involves side illmination of the 
beads with a fiber optic light source. In this procedure excitation light does not enter the microscope but is 
focused into a 50 to 100 micron fiber optic which is positioned in the sample cell (slide) for side illumination 
of the beads. The exc.tation light now being external and at a 90* angle to the microscope objective 



Claims 
1. 



A spectroscop method for detecting a target single-strand polynucleotide sequence in a polynucleotide 
sample in which either (i) a fluorescent polynucleotide single probe sequence complementary to said 
target sequence is hybridized thereto, or (ii) a plurality of probes of such sequences complementary to 
sequentially adjacent portions of said target sequences are hybridized thereto, characterized by having 
present in said single probe or in said plurality of probes at least one pair of fluorescent moieties 
connected by linker arms to nucleic acid base units, said fluorescent moieties comprising respectively 
donor and acceptor moieties selected so that the emission spectrum of the donor moiety overlaps the 
excitation spectrum of the acceptor moiety to permit non-radiative energy transfer with efficient 
fluorescent emission by the acceptor fluorophores, the wavelength maximum of the emission spectrum 
of the acceptor moiety being at least 100nm greater than the wavelength maximum of the excitation 
spectrum of the donor moiety, said linker arms having lengths of 0.4 to 3.0 nm (4 to 30 Angstroms) the 
donor and acceptor moieties being connected to non-contiguous base units in said single probe or to 
base units in said plural probes other than 3' and 5 1 end units thereof, when said single probe or said 
plural probes are hybridized to the target sample the base units to which said donor and acceptor 
moieties are connected being paired through hybridization to base units of said target sequence which 
are separated by 2 to 7 intervening nucleotide base units of the target sequence. 

2. The method of claim 1 in which said donor and acceptor moieties are on a single probe. 

3. The method of claim 1 in which said donor and acceptor moieties are on a pair of probes. 

4. The method of claim 1, 2 or 3 in which said donor moiety is fluorescein and said acceptor moiety is 

i exHs 1100. 

5. The method of claim 1 in which when said single probes or said dual probe are hybridized to the target 
sequence the base units connected to said donor and acceptor moieties are paired with nucleotide 
base units of the target sequence which are separated by 3 to 6 intervening base units. 

6. The method of claim 1 in which said probes are synthetic polynucleotides of from 10 to 100 base units 
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in length, and said linker arms have lengths of 1,0 to 2.5 nm (10 to 25 Angstroms). 

7. The method of claim 6 in which said donor and acceptor moieties are on a single probe. 

8. The method of claim 6 in which said donor and acceptor moieties are on a pair of probes. 

9 ' TelXT * C ' aimS *' ? ' " 8 " ^ " W d0nor ^ te f,UWescein a " d -ceptor moiety is 

donor and acceptor mo.et.es being separated by 4 to 6 intervening base units. V 0 ™^ the 

12 " Texas e Re h d° dS * C,3imS 10 ^ " " "* d0nor ""*** iS fluorescei " and acceptor moiety is 

Revendications 

1. Procede spectroscopique de detection d'une sequence polynucleotidique monocatSnaire - rihi P H»nc 
un echantil.on de polynuCeotides. selon ,eque< (i) una seule UumJ^^^q^uSZ 

sonL formT ° ? ^ si ^ enc ^ •« ^ybridee avec cette denL l ou $) plSrs 
sondes formees par des sequences complements de parties voisines successive* Z Zt 
sequences-cib.es sont hybridees avec ces dernieres. caracteL en ce qXu mS Z pale de 
d-acTdfn ,?' eSC8ntS "* ^ ,,interm « diaire de W-nl. de liaison a des Z^ZS^SfZ 
^unl « qU6 ' S ° Pr9SentS d3nS ,3dite Sonde unique ou dans ,adi «* Pl^W de sondes eel 
? a c O n?,l 0OreS f " tS COmp ? nant fes P^vement des groupes donneur et accepteur sLc "onnes de 
T m SP9Ctre d ^ mission du 9™P e d °™<^ chevauche le spectre d'excitaUo I Supe 
' *? ^ Permettre Un transfert d ' gner 9 ie non ' adia « f avec une emissfn efflcace Se 
du around f * f ' UOr ° Ph0re a0C8ptoUr - ' 3 '° n 9 UeUr d ' 0nde ma ™ d " ^ «Ss£ 
JpST a 5 Cepteur ' etant d au moins 100 «n superieure a la longueur d'onde maximum duTpecJe 

4 S S I 0 ". d °f ° UPe ' eS Se9mentS de ' iaiSOn ayant des ,0 "9ueurs allant de Z k 3 0 nm (de 

it? • 9r0UP6S d ° nneUr 6t 3CCepteur * tant ,i(5s a des ™« fs basiques non contigus dansTadS 

TJ^-'T" * S ° ndeS ' *" m ° tifS autres t 

hvbridees f iSrLnt ii w , ^ 06 qUe '° rSque '' Unique sonde ou ladite 0 |ural ^ d * sondes sont 
hybndees a echanti lion-able, les motifs basiques auxquels les groupes donneur et acceoteur son 
hes, sont ap P an4s par hybridation avec les motifs basiques de ladite sequence-cible U so tslS 
par 2 a 7 moftfs bas.ques nucleotidiques intercalaires de la sequence-cible. 

2 ' u^ele'l^nde 3 reVend '' Cati ° n 1 ' danS le « ue * les «W d °— r et accepteur sont incorpores dans 



3. 



5. 



u^ettrs^dr 0 ^ 0 " 1 ' d3nS leqU6 ' ,8S 9f ° UPeS d ° nneUr 61 aCCepteur '^ore S dans 

ou * dans ,equei ,e 9roupe d ~ - * - - 

rin^ d l S !'° n ' a revendication 1 - dans tequel, lorsque lesdites sondes uniques ou ladite sonde double 

^S^J^^TF*^' m ° ,ifS b3SiqUeS ^ 3UX 9r0UP6S ^"acZlT, 
SfTSST^ZT SiqUeS nUC,e ° ,idiqueS de ,a ^-nce-cib.e, qui sont separes par 3 * 6 

lonaueur S° .nt Tn^tf °k 1 ' danS ' eqUe ' 163 S ° ndSS S ° nt deS Polynucleotides synthetiques d'une 
longueur de 10 a 100 mot.fs bas.ques, et dans lequel les segments de liaison ont des longueurs de 1.0 
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a 2,5 nm (de 10 a 25 A). 

7> u?etond:?n;Le. reVendiCati0n * *"» ^ 9 ™ peS * ""V* -t incorpores dans 

5 

u^tatrsonX^^ 0 " ^ ^ ^ d ~ * ~~ -nt incorpores dans 
» 9 ' ^J^ZZ^STtZI ° U * ^ ' e ^ - t ,a fascine, et ie 

s extremes a- * et ^^e'^C^SiS^ *» - ^ dSS 

11 ' ^d^tZSS^i. danS l6qUe ' * eS -ont incorpores dans une paire de 

poiynucieoSde ^^^SZStSE ^hS* ' ** ^ ° aSiqUeS adjace " ts du 
a 6 motifs basiques intercalates P ^ hyb " deS d9 Cette fa S° n Spares par 4 

12 " ^^rrSXl° U ^ ,eqUe ' ' e 9r ° Upe d ~ - , f.uoresceine, et ,e 
Patentanspriiche 
1 



20 



25 



^cCSo^ Zi e, P o, y nu k ,eotidse q uen z in einer 

quenz komp.ementkr zu ^^^VL Z^T^T- Po, y nukleotidei ^'sonde, deren Se- 
solcher Seauen^n Hi„ ^ZZ^ -.™LT ™ Ser oder (ii) eine Vielzanl von Sonden 

sind, mitdiesen hybVidisieren benachbarten Anteilen der Zielsequenzen 

ten gebunden sind wobef dte r ^ V ^ Wdung8arme *" N ^teinsaureba S eneinhei- 

so ausgewShlt sind d^aTdas EmSr 3? D0 "° r " ^ Ak2e P*»9ruppen umfassen, die 

torgruppe UberZt urn eLT^lT ^ ° 0mr ^ e das Anregungsspektrum der Akzep- 
sion vom AkzepXCo^ mit F.uoreszenzemis- 

der Akzeptorgruppe mindesLTl^ <*s Emissionsspektrums 

trums der Donorgruppe ist und wobei die Sino^^ 

^die^ 

2. Verfahren nach Anspruch 1 . in dem die Donor- und Akzeptorgruppen auf einer Einze.sonde sind. 

3. Verfahren nach Ans P ruch 1. in dem die Donor- und Akzeptorgruppen auf einem Paar von Sonden sind. 
50 4 ' Ss h r^r h AnSPfUCh h 2 ° der 3 - in ^ *» D0 ^ru P pe Ruorescein und die Rezeptorgruppe 

55 Nukleotidbaseneinheiten der zTeSquenz glaart £. IT TZTST" V " bunden mit 
einheiten getrennt sind. 9 P ' d ' e dufCh 3 b,S 6 da ^ischenliegende Basen- 



30 



35 



40 



45 



Verfahren nach Anspruch 1, in dem die Sonden synthetische Polynuk.eotide mit 10 



100 Baseneinhei- 
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ten Lange sind und die Verbindungsarme Langen von 1 ,0 - 2 .5 nm < 10 - 25 Angstrom) haben. 
7- Verfanren nach Anspruch 6, in den, die Donor- und A k2 eptorgruppen auf einer Bn2e . S onde sind. 
a 8. Verfanren nach AnsprucH 6, in dem die Donor- und A k2e ptor gr uppen auf einem Paar von Sonden sind. 
9 ' Z^ir* AnSPrUCH * 7 ° d6r * in d6m die D °-^uppe Ruorescein und die AKzeptorgruppe 

dazwischeniiegende Baseneinhe^ 9ebunden sind < sie durch 4 - 6 

wenn sie so hybridlie^^^^^ 
Baseneinheitengetrenntsind Akzeptorgruppen durch 4-6 dazwischenliegende 

- Sitt i s r h AnSPfUCh 10 ° d6r ^ ^ diS "-rescein und die A k2 eptorgru PP e 
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50 



55 
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FIG I 
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FIG. 3 
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